The aim of this study was to investigate the effect of laboratory-based simulator training on the ability of surgical trainees to perform diagnostic arthroscopy of the knee.
In the United Kingdom, postgraduate medical training has recently been restructured with the aim of providing a more streamlined approach, focusing on the development of appropriate competencies. Traditionally, in the surgical disciplines an optimum period of 'training time' in the operating theatre has been needed for safe independent consultant practice. Enforced reductions in training and the implementation of restrictions in working hours have led to increasing concerns regarding surgical training. As a result, methods of developing surgical skills away from the operating theatre are being considered. The role of simulation in medical education has recently been recognised, and in general surgery the feasibility, reliability and validity of a variety of simple laboratory-based and virtual reality simulators have been examined. [1] [2] [3] [4] [5] [6] [7] The transferability of the skills acquired in this manner to the operating theatre is termed 'transfer validity ' . It has been difficult to demonstrate transfer validity objectively, but encouraging results have been seen in some studies of endoscopic and laparoscopic procedures. [8] [9] [10] [11] In orthopaedics, arthroscopy has become an irreplaceable diagnostic and interventional tool, and its breadth of use is increasing. Some laboratory simulators provide a simple, costeffective and accessible form of training and have been adopted internationally for many arthroscopic training courses, although the usefulness and validity of such models have not been demonstrated. The aim of this study was to investigate the transfer validity of arthroscopic skills from simulator training to the operating theatre.
Materials and Methods
Between February 2006 and February 2007, 20 junior orthopaedic trainees were recruited from a single university teaching hospital in the United Kingdom. All prospective participants completed a questionnaire concerning their experience. They had all completed less than two years surgical training and had minimal previous experience of arthroscopy, having observed or assisted in fewer than ten arthroscopies, or other minimal-access procedures.
Using sealed envelopes, they were randomised, either into a group receiving a fixed protocol of simulator training or into a control group that received traditional training in theatre only (Fig. 1) . Simulator training. An arthroscopy knee benchtop simulator (Sawbones, Malmö, Sweden) was set up in a designated skills laboratory. A stan-
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dard 30˚ arthroscope with an arthroscopic camera and display system (Smith & Nephew Endoscopy, Huntingdon, United Kingdom) was used for all cases.
The training consisted of three sessions of six simulated arthroscopies during one week. The 18 simulated arthroscopies were supervised by the lead author (NRH) and followed a fixed protocol for a diagnostic arthroscopy of the knee agreed by surgeons experienced in this area (AJP, JLR) (Table I) .
During simulator training a 3D electromagnetic movement tracking system (Patriot, Polhemus, Colchester, Vermont) was used to assess surgical performance objectively. This tracking technology has been used, and its feasibility, reliability and validity extensively assessed, in laparoscopic and open general surgical procedures, 3, 4, 12 and we have recently shown it to be valid as a means of objective assessment of arthroscopic psychomotor skill. 13 The system consists of two small sensors placed in fixed positions on the dorsum of the hands of the trainee and an emitter which is fixed to the simulator. The output consists of the 3D position ( x , y , z co-ordinates) of each sensor relative to the emitter as a function of time. This output is recorded by a personal computer and processed by custom software (Matlab version 6.5, The MathWorks, Natick, Massachusetts) to produce three outputs, namely the time taken, the total path length and the total number of hand movements. Performance in the operating theatre. All 20 trainees were allocated to a theatre session each. For those trained in the simulator this was always after completion of this experience. In theatre they were all supervised by the same experienced consultant knee surgeon (AJP), who was blinded to their training status. Each trainee was given instruction and then a demonstration of a diagnostic arthroscopy of the knee on one patient. In the next case, the trainee performed the same diagnostic sweep under supervision, which is a common sequence of events as part of their normal training.
The consultant then assessed the performance using the intra-operative technique section of the Orthopaedic Competence Assessment Project procedure-based assessment for diagnostic arthroscopy. The Orthopaedic Competence Assessment Project was developed by the British Orthopaedic Association and the Orthopaedic Specialist Advisory Committee as a framework for specialist training in orthopaedics. Its curric- and ligamentous tears eg the anatomy of the torn meniscus using hooks or probes 9 Protecting the articular surface * S, satisfactory; U, unsatisfactory ulum has been incorporated into the competency-based surgical training structure implemented by the surgical royal colleges in the United Kingdom. 14, 15 Nine of the 14 Orthopaedic Competence Assessment Project criteria for diagnostic arthroscopy were relevant for intra-operative assessment (Table II) . For each of these criteria, the trainee is given a score of satisfactory or unsatisfactory.
As the Orthopaedic Competence Assessment Project is a new initiative and has either a satisfactory or an unsatisfactory scoring option, we further quantified performance by using an Objective Structured Assessment of Technical Skill global rating scale, modified to match the same nine Orthopaedic Competence Assessment Project criteria. Trainees were given a score from one to five for each (Table III) . This has been devised by Reznick et al 16 and shown to be a valid and reliable means of objective assessment in the operating theatre. It correlates well with movement analysis assessment scores. 16, 17 Statistical analyses. The primary outcome measure was the difference in performance in the operating theatre between the simulator-trained and the untrained groups. The d'Agostini and Pearson omnibus normality test was used to check for normal distribution of data. Data from the untrained group were skewed, and so non-parametric tests were used. Comparison was made between the performance in theatre of the simulator-trained and the untrained group for the proportion of satisfactory scores with the Orthopaedic Competence Assessment Project procedure based assessment and cumulative global rating scale. Analysis was performed using Mann-Whitney U tests.
Further sub-analysis of the simulator-trained group was undertaken to demonstrate objective improvement in simulator performance with training for the movement analysis variables, time taken, total path travelled and total number of hand movements. Mann-Whitney U tests were used to compare the performance before and after training. Statistical analyses were carried out using SPSS (version 12.0, SPSS Inc., Woking, Surrey, United Kingdom).
Results
The groups were equally matched in terms of demographics and previous surgical experience.
Movement analysis showed that the performance of all those in the simulator-trained group improved objectively, with demonstrable learning curves for all three output parameters. The learning curves were all statistically significant, clearly showing improvements in simulator performance and learning during training (p = 0.001) (Figs 2 to  4) .
Analysis of the performance in the operating theatre of both groups using the Orthopaedic Competence Assessment Project checklist and the global rating scale showed further differences. The simulator-trained group were seen to significantly outscore the untrained group in terms of both the Orthopaedic Competence Assessment Project (p = 0.0007) and the global rating scores (p = 0.0011) (Figs 5 and 6 ).
Discussion
The aviation industry, with similar demands for high levels of technical skill, small margins for error and significant consequences, have been using simulator-based training for decades. 18 In surgery, simulation as a potential training tool has only recently been considered. It is important to examine its usefulness and validity across the surgical and medical disciplines.
Some transfer validity for simulator training has been shown for laparoscopic cholecystectomy, colonoscopy and endoscopic sinus surgery, [8] [9] [10] [11] and its use will become increasingly common. 19 The need for specific instruction in arthroscopy for orthopaedic trainees has been identified, 20 and the current status of simulation has recently Graph showing the change in number of hand movements during subsequent training episodes of simulated knee arthroscopy (median, interquartile range, range).
been reviewed. 21 The use of simulator training in the development of arthroscopic psychomotor skills has been proposed with little evidence of its usefulness. Laboratory-based simulators are commonly used on arthroscopy skills courses, but there is only anecdotal evidence of subsequent improvement in operative performance and no means of objective assessment has been used. Virtual reality simulators are under development in some centres, [22] [23] [24] but movement analysis has the advantage of providing a simple, reproducible and valid means of assessing technical skill objectively in the simulated environment. Construct validity for the assessment of a variety of open and laparoscopic procedures has been demonstrated, 3, 4, 12 and our previous experience has demonstrated construct validity for its use in the assessment of arthroscopic skills. 13 We have now used this to produce objective evidence that training with a bench-top simulator does improve the operative performance of basic arthroscopy.
The main problem with assessment in the operating theatre is its subjectivity, which is the main reason why the Orthopaedic Competence Assessment Project was introduced. It was important to incorporate the Orthopaedic Competence Assessment Project and use its arthroscopy procedure-based assessment as a framework for our assessment because it is now compulsory in orthopaedic training in the United Kingdom, but it has not been subjected to independent testing. Our study, however, was not an attempt to validate the project or its procedure-based assessments. It is not clear whether procedure-based assessment provides a valid method for assessment of competence, but the study does appear to offer some evidence that it can differentiate between trainees of differing ability in its current form.
For this reason we also used an Objective Structured Assessment of Technical Skill model, as it was important to have as objective an assessment as possible. This type of global rating scale has been previously shown to be objective, valid, and to correlate well with movement analysis assessment. 16, 17 Using a global rating scale for each procedure based-assessment made a more objective means of appraisal than the Orthopaedic Competence Assessment Project procedure-based assessment alone. A limitation of our theatre assessment was that trainees were viewed by only one blinded trainer. The presence of two trainers, or a video recording with subsequent analysis by two assessors, would have made the judgement more objective.
Are all trainees amenable to this type of training? In our study, one member of the simulator-trained group performed with substantially worse movement analysis scores than the other nine in the laboratory, but went on to score at the same level as the non-trained group in the operating theatre. This correlates well with previous studies, which have found that despite repeated training there is a proportion of participants who lack sufficient psychomotor skills to perform to the same level as their peers. 25 However, extremely gifted trainees may have sufficient aptitude to be able to perform simple surgical procedures without the need for prior training. A study with larger sample populations would be required to investigate this further.
This type of training is important in demonstrating technical competence and improvement in surgical and clinical outcomes. A future role would be for trainees to undertake the initial steep part of the learning curve for a procedure in a simulated environment, demonstrate a certain level of simulator competence, and then progress to the operating theatre. The period required for simulator training may vary among trainees. For more experienced surgeons it Comparison of global rating scale (GRS) assessment scores between simulator-trained and non-simulator-trained groups (median, interquartile range, range).
could provide an environment for the development of skills and progression towards new or complex techniques before transfer to the operating theatre. This study has shown that orthopaedic surgical trainees who have undergone a period of laboratory-based arthroscopic simulator training go on to demonstrate improved technical performance in the operating theatre compared with an untrained group. This transfer validity is of significant importance to those responsible for planning training curricula, and suggests a future role for the incorporation of simulator-based training for procedural skills.
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